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GENERAL EQUATIONS 

Equation 1:  “Combustion Efficiency” or “CE” (percent):  

  CE =  ([CO2]/([CO2] + [CO] + [OC])) * 100 

  where: 

  [CO2]  = Concentration in volume percent or ppm-meters of carbon dioxide 
in the combusted gas immediately above the Combustion Zone 

  [CO]  = Concentration in volume percent or ppm-meters of carbon 
monoxide in the combusted gas immediately above the Combustion Zone 

  [OC]  = Concentration in volume percent or ppm-meters of the sum of all 
organic carbon compounds in the combusted gas immediately above the Combustion Zone, 
counting each carbon molecule separately where the concentration of each individual compound 
is multiplied by the number of carbon atoms it contains before summing (e.g., 0.1 volume 
percent ethane shall count as 0.2 percent OC because ethane has two carbon atoms) 

For purposes of using the CE equation, the unit of measurement for CO2, CO, and OC must be 
the same; that is, if “volume percent” is used for one compound, it must be used for all 
compounds.  “Volume percent” cannot be used for one or more compounds and “ppm-meters” 
for the remainder. 

Equation 2: [Reserved]. 

Equation 3: “Total Steam Mass Flow Rate” or “ṁs”: 

   ṁs  = Qs-rate  x   (18/385.3) 

  where: 

  Qs-rate  = Total Steam Volumetric Flow Rate 

385.3  =  Conversion factor, standard cubic feet per pound-mole 

Equation 4: “Vent Gas Mass FlowRate” or “Qmass-rate”: 

Qmass-rate  = Qvg  x (MWvg/385.3) 

where: 

Qvg-rate   = Vent Gas Volumetric Flow Rate 
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MWvg               = Molecular Weight, in pounds per pound-mole, of the Vent 
Gas, as measured by the Vent Gas Average Molecular 
Weight Monitoring System or Analyzer  

385.3    = Conversion factor, standard cubic feet per pound-mole 

Equation 5: “Maximum Tip Velocity” or “Vmax”: 

  Log10 (Vmax) = (NHVvg + 1,212)/850 

  where: 

  Vmax   =  Maximum allowed Flare Tip Velocity, ft/sec 

NHVvg             =  Net Heating Value of Vent Gas, as determined by 
Equation 1 or Equation 2 in Appendix C – 1.3, BTU/scf. 

  1,212   =  Constant. 

  850   =  Constant. 

Equation 6: Mass Flow to Volumetric Flow Rate or “Qvol”:  

  Qvol   =  (Qmass x 385.3)/MWt 

  where: 

  Qvol   =  Volumetric flow rate, standard cubic feet per second 

  Qmass   =  Mass flow rate, pounds per second 

  385.3   =  Conversion factor, standard cubic feet per pound-mole 

MWt                =  Molecular weight of the gas at the flow monitoring   
location, pounds per pound-mole 

Equation 7: “15-Minute Block Average Tip Velocity” or “Vtip”: 

  Vtip  = Qcum /(Area x 900) 

  where: 

  Vtip   =  Flare Tip Velocity, feet per second. 

Qcum                 =  Cumulative volumetric flow over 15-minute Block 
Average Period, actual cubic feet. 
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Area                 =  Unobstructed Cross Sectional Area of the Flare Tip, 
square feet. 

900                   =  Conversation factor, seconds per 15-minute Block 
Average 
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Determine the Net Heating Value of the Vent Gas (NHVvg) 

If compositional analysis data are collected as provided in Paragraphs 118.a and 118.b, the 
Settling Defendants shall determine the NHVvg of a specific sample using the following 
equation. 

 

 
Equation 1 

  where: 
 
  NHVvg  =  Net Heating Value of Vent Gas, BTU/scf. 
 
  i   =  Individual component in Vent Gas.  
 

n   =  Number of components in Vent Gas.  
 

xi                      =  Concentration of component i in Vent Gas, volume 
fraction.  

 
NHVi               =  Net Heating Value of component i according to Table 1 of 

this appendix, BTU/scf.  If the component is not specified 
in Table 1 of this appendix, the heats of combustion may 
be determined using any published values where the net 
enthalpy per mole of offgas is based on combustion at 25 
°C and 1 atmosphere (or constant pressure) with offgas 
water in the gaseous state, but the standard temperature for 
determining the volume corresponding to one mole of 
Vent Gas is 20° C. 

 
Direct Net Heating Value by Calorimeter Data without Hydrogen Analyzer 

If direct Net Heating Value by calorimeter monitoring data are collected as provided in 
Paragraph 118.c but a hydrogen concentration monitor is not used, the Settling Defendants shall 
use the direct output of the monitoring system(s) (in BTU/scf) to determine NHVvg for the 
sample. 

Direct Net Heating Value by Calorimeter Data with Hydrogen Analyzer 

If direct Net Heating Value by calorimeter monitoring data are collected as provided in 
Paragraph 118.c and hydrogen concentration monitoring data are collected as provided in 
Paragraph 118.d, the Settling Defendants shall use the following equation to determine NHVvg 
for each sample measured via the Net Heating Value calorimeter. 
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 Equation 2 

  where: 

  NHVvg  =  Net Heating Value of Vent Gas, BTU/scf. 

NHVmeasured     =  Net Heating Value of Vent Gas stream as measured by the 
continuous Net Heating Value calorimeter, BTU/scf. 

xH2                   =  Concentration of hydrogen in Vent Gas at the time the 
sample was input into the Net Heating Value calorimeter, 
volume fraction. 

938                  =  Net correction for the measured heating value of hydrogen 
(1,212 – 274), BTU/scf. 

Required Time Period for 15-Minute Block Averages 

Use set 15-minute time periods starting at 12 midnight to 12:15 AM, 12:15 AM to 12:30 AM 
and so on concluding at 11:45 PM to midnight when calculating 15-minute Block Averages. 

Monitoring Elections 

When a continuous monitoring system is used as provided in Paragraphs 118.a or 118.c and, if 
applicable, 118.d, the Settling Defendants may elect to determine the 15-minute Block Average 
NHVvg using either the feed-forward or direct calculation methods below.  The Settling 
Defendants may choose to comply using the feed-forward calculation method for some Flares at 
the petroleum refinery and comply using the direct calculation method for other Flares.  
However, for each Flare, the Settling Defendants must elect one calculations method that will 
apply at all times, and use that method for all continuously monitored Flare vent streams 
associated with that Flare.  If the Settling Defendants intend to change the calculation method 
that applies to the Flare, the Settling Defendants must notify the EPA and Applicable State Co-
Plaintiff 30 Days in advance of such a change. 

Feed-Forward Calculation Method 

When calculating NHVvg for a specific 15-minute block: 

Use the results from the first sample collected during an event, (for periodic Vent Gas flow 
events) for the first 15-minute block associated with that event.  If the results from the first 
sample collected during an event (for periodic Vent Gas flow events) are not available until 
after the second 15-minute Block Period starts, use the results from the first sample collected 
during an event for the second 15-minute Block Period associated with that event.  For all other 
cases, use the results that are available from the most recent sample prior to the 15-minute 
Block Period for that 15-minute Block Period for all Vent Gas streams.  For the purpose of this 
requirement, use the time that the results become available rather than the time the sample was 
collected.  For example, if a sample is collected at 12:25 a.m. and the analysis is completed at 
12:38 a.m., the results are available at 12:38 a.m. and these results would be used to determine 
compliance during the 15-minute Block Period from 12:45 a.m. to 1:00 a.m. 
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Direct Calculation Method 

When calculating NHVvg for a specific 15-minute Block Period: 

If the results from the first sample collected during an event (for periodic Vent Gas flow events) 
are not available until after the second 15-minute Block Period starts, use the results from the 
first sample collected during an event for the first 15-minute Block Period associated with that 
event.  For all other cases, use the arithmetic average of all NHVvg measurement data results 
that become available during a 15-minute block to calculate the 15-minute Block Average for 
that period.  For the purpose of this requirement, use the time that the results become available 
rather than the time the sample was collected.  For example, if a sample is collected at 12:25 
a.m. and the analysis is completed at 12:38 a.m., the results are available at 12:38 a.m. and these 
results would be used to determine compliance during the 15-minute Block Period from 12:30 
a.m. to 12:45 a.m. 

Grab Sample Option 

When grab samples are used to determine Vent Gas composition: 

Use the analytical results from the first grab sample collected for an event for all 15-minute 
Block Periods from the start of the event through the 15-minute block prior to the 15-minute 
block in which a subsequent grab sample is collected.  Use the results from subsequent grab 
sampling events for all 15 minute Block Periods starting with the 15-minute Block Period in 
which the sample was collected and ending with the 15-minute Block Period prior to the 15-
minute Block Period in which the next grab sample is collected.  For the purpose of this 
requirement, use the time the sample was collected rather than the time the analytical results 
become available. 

Measurement of Separate Gas Streams 

If the Settling Defendants monitor separate gas streams that combine to comprise the total Vent 
Gas flow, the 15-minute Block Average Net Heating Value shall be determined separately for 
each measurement location according to the methods above and a flow-weighted average of the 
gas stream Net Heating Values shall be used to determine the 15-minute Block Average Net 
Heating Value of the cumulative Vent Gas. 

Calculation Methods for Determining Combustion Zone Net Heating Value (NHVcz) 

Direct Calculation Method 

Except as specified in Paragraph 139.b.ii for the feed-forward calculation method, determine the 
15-minute Block Average NHVCZ based on the 15-minute Block Average Vent Gas and assist 
gas flow rates using Equation 3.  For periods when there is neither Assist Steam flow nor 
Premix Assist Air flow, NHVcz = NHVvg. 
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Equation 3 

  where: 

  NHVcz  =  Net Heating Value of Combustion Zone Gas, BTU/scf. 
 

NHVv              =  Net Heating Value of Vent Gas for the 15-minute Block 
Period, BTU/scf. 

 
Qv                    =  Cumulative volumetric flow of Vent Gas during the 15-

minute Block Period, scf. 
 
Qs                    =  Cumulative volumetric flow of Total Steam during the 15-

minute Block Period, scf. 
 
Qa,premix            =  Cumulative volumetric flow of Premix Assist Air during 

the 15-minute Block Period, scf. 

Feed-Forward Calculation Method 

Flares that use the feed-forward calculation methodology below and that monitor gas 
composition or Net Heating Value in a location representative of the cumulative Vent Gas 
stream and that directly monitor Supplemental Gas flow additions to the Flare must determine 
the 15-minute Block Average NHVcz using Equation 4. 

 
Equation 4 

where: 
 
NHVcz  =  Net Heating Value of Combustion Zone Gas, BTU/scf. 
 
NHVvg             =  Net Heating Value of Vent Gas for the 15-minute Block 

Period, BTU/scf. 
 
Qvg                  =  Cumulative volumetric flow of Vent Gas during the 15-

minute Block Period, scf. 
 
QNG2                =  Cumulative volumetric flow of Supplemental Gas to the 

Flare during the 15-minute Block Period, scf. 
 
QNG1                =  Cumulative volumetric flow of Supplemental Gas to the 

Flare during the previous 15-minute Block Period, scf.  
For the first 15-minute Block Period of an event, use the 
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volumetric flow value for the current 15-minute Block 
Period, i.e., QNG1=QNG2. 

 
NHVNG           =  Net Heating Value of Supplemental Gas to the Flare for 

the 15-minute Block Period determined according to the 
requirements in Paragraph 118.e, BTU/scf. 

 
Qs                    =  Cumulative volumetric flow of Total Steam during the 15-

minute Block Period, scf. 
 
Qa,premix            =  Cumulative volumetric flow of Premix Assist Air during 

the 15-minute Block Period, scf. 

Calculation Methods for Determining the Net Heating Value Dilution Parameter (NHVdil) 

The Settling Defendants shall determine the Net Heating Value Dilution Parameter (NHVdil) as 
specified below for Flares using either the feed-forward calculation method or the direct 
calculation method, as applicable. 

Calculation Methods for Determining the Net Heating Value Dilution Parameter (NHVdil)  

Direct Calculation Method 

For Flares using the direct calculation method, determine the 15-minute Block Average NHVdil 
based on the 15-minute Block Average Vent Gas and Perimeter Assist Air flow rates using 
Equation 5 only during periods when the Perimeter Assist Air is used.  For 15-minute Block 
Periods when there is no cumulative volumetric flow of Perimeter Assist Air, the 15-minute 
Block Average NHVdil parameter does not need to be calculated. 

 
Equation 5 

where: 

NHVdil  =  Net Heating Value Dilution Parameter, BTU/ft2. 

NHVvg             =  Net Heating Value of Vent Gas determined for the 15-
minute Block Period, BTU/scf. 

Qvg                   =  Cumulative volumetric flow of Vent Gas during the 15-
minute Block Period, scf. 

Diam               =  Effective diameter of the Unobstructed Cross Sectional 
Area of the Flare Tip for Vent Gas flow, ft.  Use the area 
as determined in Paragraph 135.b.ii.a and determine the 
diameter as Diam = 2 x (Area/π)0.5. 
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Qs                    =  Cumulative volumetric flow of Total Steam during the 15-
minute Block Period, scf. 

Qa.premix            =  Cumulative volumetric flow of Premix Assist Air during 
the 15-minute Block Period, scf. 

Qa.perimeter             =  Cumulative volumetric flow of Perimeter Assist Air 
during the 15-minute Block Period, scf. 

Feed-Forward Calculation Method 

Settling Defendants operating Flares that use the feed-forward calculation methodology and that 
monitor gas composition or Net Heating Value in a location representative of the cumulative 
Vent Gas stream and that directly monitor Supplemental Gas flow additions to the Flare must 
determine the 15-minute Block Average NHVdil using the following equation only during 
periods when the Perimeter Assist Air is used.  For 15-minute Block Periods when there is no 
cumulative volumetric flow of Perimeter Assist Air, the 15-minute Block Average NHVdil 
parameter does not need to be calculated. 

 
Equation 6 

where: 

NHVdil  =  Net Heating Value Dilution Parameter, BTU/ft2. 

NHVvg             =  Net Heating Value of Vent Gas determined for the 15-
minute Block Period, BTU/scf. 

Qvg                   =  Cumulative volumetric flow of Vent Gas during the 15-
minute Block Period, scf. 

QNG2                 =  Cumulative volumetric flow of Supplemental Gas to the 
Flare during the 15-minute Block Period, scf. 

QNG                           =  Cumulative volumetric flow of Supplemental Gas to the 
Flare during the previous 15-minute Block Period, scf.  
For the first 15-minute Block Period of an event, use the 
volumetric flow value for the current 15-minute Block 
Period, i.e., QNG1 = QNG2. 

NHVNG             =  Net Heating Value of Supplemental Gas to the Flare for 
the 15-minute Block Period determined according to the 
requirements in Paragraph 118.e, BTU/scf. 

Diam                 =  Effective diameter of the Unobstructed Cross Sectional 
Area of the Flare Tip for Vent Gas flow, ft.  Use the area 
as determined in Paragraph 135.d.ii.aand determine the 
diameter as Diam = 2 x (Area/π)0.5 
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Qs                      =  Cumulative volumetric flow of Total Steam during the 15-
minute Block Period, scf. 

Qa.premix              = Cumulative volumetric flow of Premix Assist Air during 
the 15-minute Block Period, scf. 

Qa.perimeter           =  Cumulative volumetric flow of Perimeter Assist Air 
during the 15-minute Block Period, scf. 
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Table 1 

Individual Compound Properties 

Component Molecular 
Formula 

MWi (pounds 
per pound- 
mole) 

CMNi 
(mole per 
mole) 

NHVi 
(British thermal units 
per standard cubic 

 

LFLi 
(volume 
%) 

Acetylene C2H2 26.04 2 1,404 2.5 
Benzene C6H6 78.11 6 3,591 1.3 
1,2- 
Butadiene 

C4H6 54.09 4 2,794 2.0 

1,3- 
Butadiene 

C4H6 54.09 4 2,690 2.0 

iso-Butane C4H10 58.12 4 2,957 1.8 
n-Butane C4H10 58.12 4 2,968 1.8 
cis-Butene C4H8 56.11 4 2,830 1.6 
iso-Butene C4H8 56.11 4 2,928 1.8 
trans-Butene C4H8 56.11 4 2,826 1.7 
Carbon Dioxide CO2 44.01 1 0 ∞ 
Carbon Monoxide CO 28.01 1 316 12.5 
Cyclopropane C3H6 42.08 3 2,185 2.4 
Ethane C2H6 30.07 2 1,595 3.0 
Ethylene C2H4 28.05 2 1,477 2.7 
Hydrogen H2 2.02 0 1,212a 4.0 
Hydrogen Sulfide H2S 34.08 0 587 4.0 
Methane CH4 16.04 1 896 5.0 
Methyl- 

 
C3H4 40.06 3 2,088 1.7 

Nitrogen N2 28.01 0 0 ∞ 
Oxygen O2 32.00 0 0 ∞ 
Pentane+ (C5+) C5H12 72.15 5 3,655 1.4 
Propadiene C3H4 40.06 3 2,066 2.16 
Propane C3H8 44.10 3 2,281 2.1 
Propylene C3H6 42.08 3 2,150 2.4 
Water H2O 18.02 0 0 ∞ 

 

a The theoretical Net Heating Value for hydrogen is 274 BTU/scf, but for the purposes of the 
Flare requirement in this Consent Decree, a Net Heating Value of 1,212 BTU/scf shall be used.  
 
The sources for values in this table are Appendix to Subpart CC of Part 63 Table 12. 
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LIST OF COMPOUNDS A GAS CHROMATOGRAPH 
MUST BE CAPABLE OF SPECIATING* 

 
Unless an alternative monitoring option is selected from Paragraph 118, the gas chromatograph 
must be capable of speciating the Vent Gas into the following except as noted as optional 
below:  

 
1. Hydrogen 
2. Carbon monoxide (optional) 
3. Methane 
4. Ethane 
5. Ethene (aka: ethylene) 
6. Propane 
7. Propene (aka: propylene) 
8. 2-Methylpropane (aka:  iso-butane) 
9. Butane (aka:  n-butane) 
10. Butenes and 1,3 butadiene (these constituents will be measured on the 

same column and the reported result will be one value: the sum of the 
constituents.  A Net Heating Value of 2,690 btu/scf will be assumed. ) 

11. N-pentane. Use the response factor for n-pentane to quantify all C5+ 
hydrocarbons. 

12. Acetylene (optional) 
13. Propadiene (optional) 
14. Hydrogen sulfide (optional) 

 

*Outputs from the gas composition analyzer shall be on a mole percent or volume percent basis, 
except hydrogen sulfide may be on a parts per million basis.   
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EQUIPMENT AND INSTRUMENTATION TECHNICAL SPECIFICATIONS 

AND QUALITY ASSURANCE/QUALITY CONTROL REQUIREMENTS 
 
 These technical specifications are the minimally acceptable standards.  Standards better 
than or beyond these are acceptable. 
 
I. VENT GAS FLOW METER 
 

1. Velocity Range:  0.1–250 ft/sec  
 
2. Repeatability:   
 

± 10% of reading over the velocity range 0.1 to 1.0 ft/s 
 

± 1% of reading over the velocity range >1.0 to 250 ft/s 
 

3. Design Accuracy:  ± 5% initially to 40%, 60%, and 90% of monitor full scale as 
certified by the manufacturer   

 
4. Operational Accuracy:  ± 20 percent of flow rate at velocities ranging from 0.03 

to 0.3 meters per second (0.1 to 1 feet per second).  ± 5 percent of flow rate at 
velocities greater than 0.3 meters per second (1 feet per second). 

 
5. Installation:  Applicable AGA, ANSI, API, or equivalent standard  
 
6. Flow Rate Determination:  Must be corrected to one atmosphere pressure and 

68 °F  
 
7. QA/QC:  Conduct a flow sensor calibration check at least biennially (every two 

years); conduct a calibration check following any period of more than 24 hours 
throughout which the flow rate exceeded the manufacturer’s specified maximum 
rated flow rate or install a new flow sensor. At least quarterly, inspect all 
components for leakage, unless the meter has a redundant flow sensor. Record 
the results of each calibration check and inspection. Locate the flow sensor(s) 
and other necessary equipment (such as straightening vanes) in a position that 
provides representative flow; reduce swirling flow or abnormal velocity 
distributions due to upstream and downstream disturbances.  

8. Pressure and Temperature Sensors:  See Part IV below. 
 

II. VENT GAS AVERAGE MOLECULAR WEIGHT ANALYZER 
 (may be part of the Vent Gas Flow Meter) 
 
 Molecular Weight Range and Accuracy:  2 to 120 gr/grmol, ± 2%  
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III. STEAM FLOW METERS 
 
For the new steam flow meters that must be installed by the date in Appendix 2.1: 
 
1. Repeatability:  ± 5% of reading over the range of the instrument  

 
2.  Accuracy: ± 5 percent over the normal range of flow measured or 1.9 liters per 

minute (0.5 gallons per minute), whichever is greater, for liquid flow.  ± 5 
percent over the normal range of flow measured or 280 liters per minute (10 
cubic feet per minute), whichever is greater, for gas flow.  ± 5 percent over the 
normal range measured for mass flow.  
 
a. Installation:  Applicable AGA, ANSI, API, or equivalent standard  
 
b. Flow Rate Determination:  Must be corrected to one atmosphere pressure 

and 68 °F  
 
c. QA/QC:  Conduct a flow sensor calibration check at least biennially 

(every two years); conduct a calibration check following any period of 
more than 24 hours throughout which the flow rate exceeded the 
manufacturer’s specified maximum rated flow rate or install a new flow 
sensor. At least quarterly, inspect all components for leakage, unless the 
CPMS has a redundant flow sensor. Record the results of each calibration 
check and inspection. Locate the flow sensor(s) and other necessary 
equipment (such as straightening vanes) in a position that provides 
representative flow; reduce swirling flow or abnormal velocity 
distributions due to upstream and downstream disturbances. 

 
IV. VENT GAS FLOW METERS:  PRESSURE AND TEMPERATURE SENSORS 
 

1. Temperature monitor accuracy: ± 1 percent over the normal range of temperature 
measured, expressed in degrees Celsius C, or 2.8 degrees C, whichever is 
greater. 
 

2. Temperature monitor QA/QC: Conduct calibration checks at least annually; 
conduct calibration checks following any period of more than 24 hours 
throughout which the temperature exceeded the manufacturer’s specified 
maximum rated temperature or install a new temperature sensor. At least 
quarterly, inspect all components for integrity and all electrical connections for 
continuity, oxidation, and galvanic corrosion, unless the CPMS has a redundant 
temperature sensor. Record the results of each calibration check and inspection. 

 
3. Locate the temperature sensor in a position that provides a representative 

temperature; shield the temperature sensor system from electromagnetic 
interference and chemical contaminants. 
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4. Pressure monitor accuracy: ± 5 percent over the normal range or 0.12 kilopascals 
(0.5 inches of water column), whichever is greater.  

 
5. Pressure monitor QA/QC: Review pressure sensor readings at least once a week 

for straight line (unchanging) pressure and perform corrective action to ensure 
proper pressure sensor operation if blockage is indicated. Using an instrument 
recommended by the sensor’s manufacturer, check gauge calibration and 
transducer calibration annually; conduct calibration checks following a period of 
more than 24 hours throughout which the pressure exceeded the manufacturer’s 
specified maximum rates pressure or install a new pressure sensor. At least 
quarterly, inspect all components for integrity and all electrical connections for 
continuity, and all mechanical connections for leakage, unless the CPMS has a 
redundant pressure sensor. Record the results of each calibration check and 
inspection. 

 
6. Locate the pressure sensor(s) in a position that provides a representative 

measurement of the pressure and minimizes or eliminates pulsating pressure, 
vibration, and internal and external corrosion. 

 
V. NET HEATING VALUE BY GAS CHROMATOGRAPH 
 

A. General 
 
1. Accuracy:  As specified in Performance Specification 9 of 40 C.F.R. Part 

60, Appendix B.  
 
2. 8-Hour Repeatability: 
 
 ± 0.5% of full scale for ranges between 2-100% of full scale;  
 ± 1% of full scale for ranges between 0.05-2% of full scale; 
 ± 2% of full scale for ranges between 50-500 ppm; 
 ± 3% of full scale for ranges between 5-50 ppm; 
 ± 5% of full scale for ranges between 0.5-5 ppm. 
 
3. The minimum sampling frequency shall be one sample every 15 minutes. 
 
4. The gas chromatograph shall be capable of speciating all gas constituents 

listed in Appendix 1.9, except those listed as optional or if an alternative 
monitoring option is selected within Paragraph 118. 

 
5. The sampling line temperature must be maintained at a minimum 

temperature of 60°C (rather than 120°C).   
 
6. Where technically feasible, the sampling location should be at least two 

equivalent duct diameters downstream from the nearest control device, 
point of pollutant generation, or other point at which a change in the 
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pollutant concentration or emission rate occurs.  The location should not 
be close to air in-leakages.  Where technically feasible, the location 
should also be at least 0.5 diameters upstream from the exhaust or control 
device. 

   
A. Calibration Standards:  Net Heating Value and Analyte Measurements  

 
For the Net Heating Value and analyte measurements, the gas chromatograph shall be 
operated and maintained in accordance with Performance Specification 9 (“PS9”) of 
Appendix B of 40 C.F.R. Part 60 except: 

 
1. Follow the procedure in Performance Specification 9 of 40 C.F.R. Part 60, 

Appendix B, except that a single daily mid-level calibration check can be used 
(rather than triplicate analysis), the multi-point calibration can be conducted 
quarterly (rather than monthly). 

  
2. Unless an alternative monitoring option is selected from Paragraph 118, the 

analytes to be used are except as noted as optional below: 
 

a. Hydrogen 
b. Carbon monoxide (optional) 
c. Methane 
d. Ethane 
e. Ethene (aka: ethylene) 
f. Propane 
g. Propene (aka: propylene) 
h. 2-Methylpropane (aka: iso-butane) 
i. Butane (aka: n-butane) 
j. Butenes and 1,3 butadiene (these constituents will be measured on the same 

column and the reported result will be one value: the sum of the constituents. 
k. N-pentane. Use the response factor for n-pentane to quantify all C5+ 

hydrocarbons. 
l. Acetylene (optional) 
m. Propadiene (optional) 
n. Hydrogen sulfide (optional) 

 
3. All of the calibration gases may be combined in one cylinder.  If multiple 

calibration gases are necessary to cover all compounds, the Settling Defendants 
must calibrate the instrument on all of the gases.  

 
VI. NET HEATING VALUE BY CALORIMETER  
 

A. General 
 
1. Accuracy:  ± 2% of span.  
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2. Repeatability:  ± 1% of reading over full scale. 
 
3. The minimum sampling frequency shall be one sample every 15 minutes. 
 
4. Where feasible, select a sampling location at least two equivalent 

diameters downstream from and 0.5 equivalent diameters upstream from 
the nearest disturbance. Select the sampling location at least two 
equivalent duct diameters from the nearest control device, point of 
pollutant generation, air in-leakages, or other point at which a change in 
the pollutant concentration or emission rate occurs.   

 
B. Calibration Standards and Quality Assurance   
 

The Net Heating Value calorimeter shall be operated and maintained in 
accordance with the following: 
 
1. Calibration requirements should follow manufacturer’s recommendations 

at a minimum 
 

2. Temperature Control.  Heat and/or cool the sampling system as necessary 
to ensure proper year-round operation. 

 
VII. HYDROGEN ANALYZER 
  

A. General 
 
1. Accuracy:  ± 2 percent over the concentration measured or 0.1 volume 

percent whichever is greater.  
 

2. The minimum sampling frequency shall be one sample every 15 minutes. 
 
3. Select the sampling location at least two equivalent duct diameters from 

the nearest control device, point of pollutant generation, air in-leakages, 
or other point at which a change in the pollutant concentration occurs.   

 
B. Calibration Standards and Quality Assurance   

 
Calibration requirements should follow manufacturer’s recommendations 
minimum. 
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VIII. CALCULATION OF INSTRUMENT DOWNTIME 
 
A.  Gas Chromatograph 

 
1. For purposes of calculating the 5% of instrument downtime allowed in 

any six month period pursuant to Paragraph 123 and 150 of the Consent 
Decree, the time used for gas chromatograph calibration and validation 
activities required by Subparagraph V.B. of this Appendix may be 
excluded.   

 
2. Any hour that meets the requirements as set forth below shall not be 

counted toward instrument downtime.  Specifically: 
 

a.  For a full operating hour (any clock hour where the Flare is In 
Operation (e.g., Capable of Receiving Sweep, Supplemental 
and/or Waste Gas)), if there are at least four valid data points to 
calculate the hourly average (that is, one data point in each of the 
15-minute sector of the hour), then there is no period of 
instrument downtime; 

 
b. For a partial operating hour (any clock hour where the Flare is In 

Operation (e.g., Capable of Receiving Sweep, Supplemental 
and/or Waste Gas)), if there is at least one valid data point in each 
15-minute sector of the hour in which the Flare is In Operation 
(e.g., Capable of Receiving Sweep, Supplemental and/or Waste 
Gas) to calculate the hourly average, then there is no period of 
instrument downtime; and 

 
c. For any operating hour in which required maintenance or Quality 

Assurance activities on the instruments or monitoring systems 
associated with the Flare are performed: 

 
i. If the Flare is In Operation (e.g., Capable of Receiving 

Sweep, Supplemental and/or Waste Gas) in two or more 
15-minute quadrants of the hour and if there are at least 
two valid data points separated by at least 15 minutes to 
calculate the hourly average, then there is no period of 
instrument downtime; or 

 
ii. If the Flare is In Operation (e.g., Capable of Receiving 

Sweep, Supplemental and/or Waste Gas) in only one 15-
minute quadrant of the hour and if there is at least one 
valid data point to calculate the hourly average, then there 
is no period of instrument downtime. 
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B.  Net Heating Value Calorimeter 
 

1. For purposes of calculating the 5% of instrument downtime allowed in 
any six month period pursuant to Paragraph 123 and 150 of the Consent 
Decree, the time used for NHV calorimeter calibration and validation 
activities required by Subparagraph V.B.1 of this Appendix may be 
excluded.   

 
2. Any hour that meets the requirements of 40 C.F.R. § 60.13(h)(2) shall not 

be counted toward instrument downtime.  Specifically: 
 

(i)  For a full operating hour (any clock hour where the Flare is 
Available for Operation for 60 minutes), if there are at least four 
valid data points to calculate the hourly average (that is, one data 
point in each of the 15-minute quadrants of the hour), then there is 
no period of instrument downtime; 

 
(ii) For a partial operating hour (any clock hour where the Flare is 

Available for Operation for less than 60 minutes), if there is at 
least one valid data point in each 15-minute quadrant of the hour 
in which the Flare is Available for Operation to calculate the 
hourly average, then there is no period of instrument downtime; 
and 

 
(iii) For any operating hour in which required maintenance or Quality 

Assurance activities on the instruments or monitoring systems 
associated with the Flare are performed: 

 
(A) If the Flare is Available for Operation in two or more 

quadrants of the hour and if there are at least two valid 
data points separated by at least 15 minutes to calculate 
the hourly average, then there is no period of instrument 
downtime; or 

 
(B) If the Flare is Available for Operation in only one 

quadrant of the hour and if there is at least one valid data 
point to calculate the hourly average, then there is no 
period of instrument downtime. 
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WASTE GAS MAPPING: 

LEVEL OF DETAIL NEEDED TO SHOW HEADERS AND  
FLARING PROCESS UNIT HEADERS 

 

Purpose: 

Waste Gas mapping is required in order to identify the source(s) of Waste Gas entering each 
Covered Flare.  Waste Gas mapping can be done using instrumentation, isotopic tracing, 
acoustic monitoring, and/or engineering estimates for all sources entering a Flare header (e.g. 
pump seal purges, sample station purges, compressor seal nitrogen purges, relief valve leakage, 
and other sources under normal operations).  Appendix 1.11 outlines what needs to be included 
as the Waste Gas Mapping section within the Initial Flare Management Plan (“Initial FMP”) 

Waste Gas Mapping Criteria: 

For purposes of Waste Gas mapping, a main header is defined as the last pipe segment prior to 
the Flare knock out drum.  Flaring Process Unit headers are defined as pipes from inside the 
battery limits of each process unit that connect to the main header.  For Flaring Process Unit 
headers that are greater than or equal to six (6) inches in diameter, flow (“Q”) must be identified 
and quantified if it is technically feasible to do so.  In addition, all sources feeding each Flaring 
Process Unit header must be identified and listed in a table, but not necessarily individually 
quantified.  For Flaring Process Unit headers that are less than six (6) inches in diameter, 
sources must be identified, but they do not need to be quantified. 

Waste Gas Mapping Submission Requirements: 

For each Covered Flare, the following shall be included within the Waste Gas Mapping section 
of the Initial FMP: 

1. Simplified schematic consistent with the example schematic included on the second page of 
this Appendix. 

 
2. Table of all sources connected to each Flare main header and Flaring Process Unit header 

consistent with the Table included on the third page of this Appendix.
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Table 1:  Example of Flare Source Description Table   

Flaring Process Unit 
Header  

Sources Detailed Source Description 

QPH1 

(Ex: FCCU Gas Con Unit) 

3 PSVs PSV-14 on 110-D-5 Gas Con Absorber 

PSV-12 on 110-D-1 Amine Scrubber 

PSV-7 on 110-F-1 Batch Caustic Vessel 

2 Pump Seal 
Purges 

110-G-1  LPG Pump 

110-G-2  Rich Amine Pump 

1 Sample Station 110-S-1  LPG 

1 PSV PSV 17 on 112-D-1 Main Column 

1 Pressure Control 
Valve 

PCV 21 – Emergency Wet Gas Compressor 

1 PSV PSV-21 on Flush Oil Drum 

1 Pump Seal Purge 110-G-23 Slurry Oil Pump 

QPH2 

(Ex: Gas Oil Treater) 

Continue same as 
QPH1 

Continue same as QPH1 

QPH3 Continue same as 
QPH1 

Continue same as QPH1 

QPH4 Continue same as 
QPH1 

Continue same as QPH1 

A-H 1 PSVs PSV-17 on 109-E-42 Slurry Heat Exchanger 

B-H 2 Pump Seal 
Purges 

110-G-3  Gas Oil Feed 

110-G-4  Main Column Reflux 
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ROLLING SUMS AND ROLLING AVERAGES 

 This Appendix describes how to calculate the standards, exceptions, and triggering 
events that are on a “Rolling Sum” or “Rolling Average” basis for the flaring requirements in 
the Consent Decree.  Because the calculation of all Rolling Sums and Rolling Averages requires 
the calculation of Block Sums and Block Averages, respectively, those concepts are described 
as well.  For Rolling Sums, the calculation—as the term “sum” implies—requires the use of 
addition.  For Rolling Averages, the calculation—as the term “average” implies—requires the 
calculation of the arithmetic mean.   
 
I. ROLLING SUMS 
 
 A. Definitions 
 
 2.2.1. “Block Sum” means the sum total of the measured or calculated standard, 
exception, or triggering event during a Block Sum Period.  Most often, the term “block sum” is 
not explicitly used; rather, the concept is implicit in the description.   
 

Example 1.a.  For an exception to instrument operation that applies during 5% 
downtime in any six month period, the exception is stated in terms of a “Block 
Sum”—5% downtime—but it is not explicitly defined as such.  The defendant 
would add together the total number of hours in any six month period that an 
instrument was not operating and then compare that sum to the allowed Block 
Sum value to 5% of the total time in the six month period. 
 

 2.2.2. “Block Sum Period” means the uninterrupted period of time during which the 
Block Sum must be calculated.  Most often, the term “Block Sum Period” (and indeed the term 
“sum period”) is not explicitly used; rather, the concept is implicit in the description. 
 

Example 1.b.  Using Example 1.a, the “Block Sum Period” is a calendar 
quarter. 

 
 2.2.3. “Rolling Sum” or “y rolling sum, rolled n” requires:  (i) the calculation of a 
Block Sum during each Block Sum Period of n length of time; and (ii) the adding together of 
the Block Sum values for the total number of Block Sums that equals y length of time. 
 

Example 2.a.  A “365-day rolling sum, rolled daily,” requires calculating daily 
Block Sums and then adding together the values for 365 Block Sums. 

 
 2.2.4. “Rolling Sum Period” means the total length of time for which the Block Sums 
must be added together. 
 

Example 2.b.  Using Example 2.a, the “Rolling Sum Period” is 365 Days. 
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 B. Relationship Between Block Sums and Rolling Sums 
 
 2.2.5. The calculation of a Block Sum is implicit or explicit in the calculation of all 
Rolling Sums. 
 

Example 3.  A “8760-hour rolling sum” without any further description requires 
the calculation of an hourly Block Sum and then the adding together of 8760 
Block Sums.   

 
C. Time of Commencement of and Ability to Calculate Block Sums and Rolling 

Sums 
 
 2.2.6. Block Sums.  A Block Sum commences with the first value that is recorded at 
the start of each Block Sum Period.  A Block Sum cannot be calculated until after the last value 
in the Block Sum Period is recorded. 
 

Example 4.  For a Block Sum Period that is “daily,” the calculation of the Block 
Sum commences with the value that is recorded starting at midnight each 
calendar day and ends with value that is recorded immediately prior to midnight 
of the next Day.  For a Block Sum Period that is “hourly,” the calculation of the 
Block Sum commences with the value that is recorded at the top of each hour 
and ends with value that is recorded immediately prior to the start of the next 
hour.   

 
 2.2.7. Rolling Sums.  A Rolling Sum commences with the first Block Sum that is 
calculated.  A Rolling Sum cannot be calculated until the last Block Sum of the Rolling Sum 
Period is calculated. 
 

Example 5.  For a 365-day Rolling Sum, rolled daily, the Rolling Sum 
commences with the Block Sum that is calculated on the first Day of the Rolling 
Sum Period; however, the first Rolling Sum cannot be calculated until the first 
365 Days are over (i.e., the 365-day Rolling Sum Period is completed).   

 
D. Standards, Exceptions and/or Triggering Events in this Consent Decree that 

Are on a “Rolling Sum” Basis 
 
 2.2.8. The following standards, exceptions, and/or triggering events are on a “rolling 
sum” basis in the Consent Decree.  These standards, exceptions, and/or triggering events 
therefore require the calculation of Block Sums during Block Sum Periods in order to calculate 
Rolling Sums: 
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TABLE 1 

Generic Description of 
Standards, Exceptions, 

and/or Triggering Events 

Actual Standard, Exception, and/or 
Triggering Event in the CD 

Block Sum 
Period 

(the “rolled 
by” period)  

Rolling Sum 
Period 

Percentage of Time 
Anacortes, Martinez 
50U, Martinez 19/DCU, 
Mandan, Salt Lake City, 
Kapolei, and Kenai  
Compressors Are 
Available for Operation 
and/or In Operation 

95% of the time (2 Compressors); 
98% of the time (1 Compressor) 

(¶¶ 131.b.i and 131.b.ii) 

 

 

Hourly 8760 hours 

Hours a Portable Flare is 
In Operation during 
outage(s) of a Covered 
Flare 

504 hours (¶¶ 143.c and d) Daily 1095 days 

 

E. Calculating Rolling Sums for the Percentage of Time a Compressor is 
Available for Operation and/or In Operation 

 2.2.9. Calculate each Hourly Block Sum.  Calculate the amount of time that a 
compressor is Available for Operation and/or In Operation (“A”) during each hour (i.e., during 
each Block Sum Period).  Calculate the amount of time during each hour (i.e., each Block Sum 
Period) that the standard is applicable and for which an exemption does not apply (“R”).  
Calculate each hourly Block Sum as A/R (which will be a percentage of time).  If an exclusion 
applies during the entire hour, then that hour is not included in the Rolling Sum calculation. 

 2.2.10. Calculate the Rolling Sum for the First Rolling Sum Period.  Add together the 
first 8760 hourly Block Sums.  Use only the prior 8760 1-hour periods when at least some part 
of the hour was not covered by an exclusion. 

 2.2.11. Continue Calculating the Rolling Sum.  Drop out the first Block Sum (i.e., the 
first hour) in the first Rolling Sum Period and add in the 8761st Block Sum. 
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 F. Calculating Rolling Sums for Exempted Hours of Maintenance on FGRS 

 2.2.12.  Calculate each Daily Block Sum.  Calculate the amount of time that a particular 
Compressor is shut down for exempted maintenance during each Day (i.e. during each Block 
Sum Period). 

 2.2.13.  Calculate the Rolling Sum for the First Rolling Sum Period.  Add together the 
first 1826 daily Block Sums ((5 years x 365 Days) + 1 leap year Day). 

 2.2.14.  Continue Calculating the Rolling Sum.  Drop out the first Block Sum (i.e., the 
first Day) in the first Rolling Sum Period and add in the 1827th Block Sum. 

G. Calculating Rolling Sums for the Number of Hours a Portable Flare Is In 
Operation During the Outage of a Covered Flare  

 2.2.15.  Calculate each Daily Block Sum.  Calculate the number of hours that the 
Portable Flare is In Operation during each Day (i.e. during each Block Sum Period). 

 2.2.16.  Calculate the Rolling Sum for the First Rolling Sum Period.  Add together the 
first 1095 daily Block Sums. 

 2.2.17.  Continue Calculating the Rolling Sum.  Drop out the first Block Sum (i.e., the 
first Day) in the first Rolling Sum Period and add in the 1096th Block Sum. 

II. ROLLING AVERAGES 

 A. Definitions 

 2.2.18. “Block Average” means the arithmetic mean of a measured or calculated 
parameter during a Block Average Period.   

Example 6.a.  For an exit velocity standard that is applicable on a one-hour 
Block Average, the arithmetic mean of all of the measurements during a 
one-hour period is calculated and compared to the standard. 

 2.2.19. “Block Average Period” or “Block Period” means the uninterrupted period of 
time during which the Block Average must be calculated.   

Example 6.b.  Using Example 6.a, the “Block Average Period” is one-hour. 

 2.2.20. “Rolling Average” or “y rolling average, rolled n” requires:  (i) the calculation of 
a Block Average during each Block Average Period of n length of time; and (ii) the calculation 
of the arithmetic mean of the Block Average values for the total number of Block Averages that 
equals y length of time. 
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Example 7.a.  A “3-hour rolling average, rolling every 15 minutes” requires the 
calculation of 15-minute Block Averages and then the calculation of the 
arithmetic mean of 12 (i.e., 3 x 4) 15-minute Block Averages. 

 2.2.21. “Rolling Average Period” means the total length of time for which the arithmetic 
mean of the Block Averages must be calculated. 

Example 7.b.  Using Example 7.a, the “Rolling Average Period” is 3 hours. 

 B. Relationship Between Block Averages and Rolling Averages 

 2.2.22.  The calculation of a Block Average is implicit or explicit in the calculation of all 
Rolling Averages. 

Example 8.  A “365-day rolling average” without any further description 
requires the calculation of daily Block Averages.  A “1-hour rolling average, 
rolled every 5 minutes,” requires the calculation of 5-minute Block Averages. 

C. Time of Commencement of and Ability to Calculate Block Averages and 
Rolling Averages 

 2.2.23. Block Averages and Rolling Averages.  The description set forth in 
Paragraphs 2.2.6 and 2.2.7 for time of commencement of and ability to calculate Block Sums 
and Rolling Sums applies equally to Block Averages and Rolling Averages. 

Example 9.  For “a 3-hour rolling average, rolled every 15 minutes,” the 
calculation of the Block Average commences with the first value that is recorded 
starting at the top of each 15 minute period and ends with the last value that is 
recorded immediately prior to the start of the next 15 minute period.  The Rolling 
Average commences with the first 15-minute Block Average that is calculated but 
the first Rolling Average cannot be calculated until all the first twelve Block 
Averages are calculated.  (“Twelve” is the appropriate number of prior 
15-minute Block Averages because there are four 15-minute Block Averages in 
one hour; therefore, there are twelve 15-minute Block Averages in three hours (4 
x 3).  The “3-hour rolling average, rolled every 15 minutes” would equal the 
arithmetic mean of twelve 15-minute Block Averages.) 

 D. Parameters in this Consent Decree that are on a “Rolling Average” Basis 

1.2.24. The following parameters are on a “rolling average” basis in this Consent 
Decree. These parameters therefore require the calculation of Block Averages during Block 
Average Periods in order to calculate Rolling Averages: 
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TABLE 2 

Generic Description of the 
Parameter 

Standard in the CD 

Block Average 
Period 

(the “rolled by” 
period)  

Rolling 
Average 
Period 

Waste Gas volumetric flow rate 
30-day and 365-day 

limits 
Daily 

30 Days 
and 365 

Days 

  

 E. When Measured values are “Zero” in a Block Average Period  

 2.2.25.  If, during a Block Average Period, a parameter is measured to be zero, the 
number “0” is used for that measurement when determining the arithmetic mean of the values 
(i.e., the Block Average) during the Block Average Period.  If all of the measured values during 
a Block Average Period are zeros, the Block Average is the number “0.”  “0” is a value and “0” 
should be used in calculating the arithmetic mean.  This is distinct from the circumstances 
identified in Paragraphs 2.2.26 and 2.2.27 below. 

F. When One or More Measured Values Either May Be Excluded for Some 
Part of a Block Average Period and/or Do(es) Not Exist for Some Part of a 
Block Average Period.   

 2.2.26. If, for any reason, one or more value(s) of a parameter either: (i) may be 
excluded for some part of a Block Average Period and/or (ii) do(es) not exist for some part of a 
Block Average Period (e.g., an instrument is down), only the remaining value(s) in the Block 
Average Period are to be used in measuring or calculating the Block Average.  For clarity, 
values that are excluded or do not exist are not given the number “0.”  They should not have 
any value assigned to them.  The Block Average is the arithmetic mean of the non-excluded, 
existing values. 

G. When All Values in a Block Average Period May Be Excluded and/or Do(es) 
Not Exist. 

 2.2.27. If, for any reason, the value(s) of a parameter either:  (i) may be excluded during 
the entirety of a Block Average Period; and/or (ii) do(es) not exist for the entirety of a Block 
Average Period (e.g., an instrument is down), then there is no Block Average for that Block 
Average Period.  (For clarity, the number “0” is not the Block Average value in this 
circumstance.)  Under this circumstance, there will be a gap in the Block Average Periods that 
have values (sometimes referred to as a “gap in the data”).  
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III. WHEN COMPLIANCE FIRST CAN BE DEMONSTRATED 

 2.2.29. For both Rolling Sums and Rolling Averages, compliance cannot be 
demonstrated until the first Rolling Sum Period or Rolling Average Period is completed. 

Example 11.  For a standard that is applicable on a 365-day rolling average, 
rolled daily, where the initial compliance date is January 1, 2014, values must 
start to be recorded at midnight on January 1, 2014.  The first daily Block 
Average that can be calculated is at midnight on January 2, 2014.  Then, 
assuming there are no gaps in the data, the first Rolling Average that can be 
calculated is at midnight on January 1, 2015.  The first Rolling Average would 
be the arithmetic mean of the 365 Block Averages calculated for January 1, 
2014, through December 31, 2014.  
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1

2

3

4

5

6

7

8

9

10

11

12

13

14

A B D E F G H I J K L

                                                                                      
CD Requirement                                                  
(N/A = Requirement Does Not Apply)

Kenai ‐ 
Refinery Flare

(AA)

Kapolei ‐ 
Refinery Flare

ANR ‐ Vertical 
Flare (X‐813)

ANR ‐ 
Horizontal 
Flare (X‐814)

(GF)

SLC ‐ North 
flare

SLC ‐ South 
flare

MAN ‐ Alky 
flare

MAN ‐ GHT 
flare

MAN ‐ Combo flare

Flare Assist Type (SA = Steam Assisted; AA = Air 
Aissisted; UA = Unassisted) AA SA SA SA SA SA SA SA SA

113.a
Complete installation of visual image of S/VG 
ratio

N/A 10/1/2015 10/1/2015 10/1/2015 10/1/2015 10/1/2015 10/1/2015 10/1/2015 10/1/2015

113.b Complete Training on Steam Control  N/A 12/1/2015 12/1/2015 12/1/2015 12/1/2015 12/1/2015 12/1/2015 12/1/2015 12/1/2015

113.c
Operate Covered Flares to minimize S/VG  ratio 
to extent practicable

N/A 12/1/2015 12/1/2015 12/1/2015 12/1/2015 12/1/2015 12/1/2015 12/1/2015 12/1/2015

114
Evaluate Meters Measuring Sweep and Purge 
Gas Flow Rates

4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016

115 Minimize Sweep and Purge Gas Flow Rates 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016

116 Minimize Leaking PRVs 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016

117
Install Vent Gas, Steam Assist, and Air Assist 
Flow Monitoring System

4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017

118
Install Vent Gas Composition Monitoring 
System

4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017

119 Install Video Camera 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017

127 Initial Flare Management Plan 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017

128 Updated Flare Management Plan 4/1/2018 4/1/2018 4/1/2018 4/1/2018 4/1/2018 4/1/2018 4/1/2018 4/1/2018 4/1/2018

Appendix 2.1 ‐ Covered Flares and Applicability Dates for Certain Consent Decree Requirements  

CD 
Paragraph 
No.

United States, et al. v. Tesoro, et al. (W.D. Tex) Consent Decree Appendix C‐2‐1
Page 1 of 4.
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15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

A B D E F G H I J K L

                                                                                      
CD Requirement                                                   
(N/A = Requirement Does Not Apply)
   

Kenai ‐ 
Refinery Flare

(AA)

Kapolei ‐ 
Refinery Flare

ANR ‐ Vertical 
Flare (X‐813)

ANR ‐ 
Horizontal 
Flare (X‐814)

(GF)

SLC ‐ North 
flare

SLC ‐ South 
flare

MAN ‐ Alky 
flare

MAN ‐ GHT 
flare

MAN ‐ Combo flare

Flare Assist Type (SA = Steam Assisted; AA = Air 
Aissisted; UA = Unassisted) AA SA SA SA SA SA SA SA SA

130 Flare Gas Recovery System Start‐Up 10/1/2016 7/1/2017 6/1/2016 6/1/2016 2/1/2016 2/1/2016 N/A 7/1/2016 7/1/2016

132
Limitations On Flaring ‐ Begin collecting data 
for compliance

4/1/2017 1/1/2018 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017

132
Limitations On Flaring ‐ 30‐Day Limit 
Compliance 

5/1/2017 1/31/2018 5/1/2017 5/1/2017 5/1/2017 5/1/2017 5/1/2017 5/1/2017 5/1/2017

132
Limitations On Flaring ‐ 365‐Day Limit 
Compliance

4/1/2018 1/1/2019 4/1/2018 4/1/2018 4/1/2018 4/1/2018 4/1/2018 4/1/2018 4/1/2018

135.a and 
135.f. 

Emission Standards and Work Practices ‐ 
Operation During Waste Gas Venting, Good Air 
Pollution Control Practices

4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016

135.b and 
136.c

Visible Emissions, Flame Presence 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019

135.d Flare Tip Velocity N/A 7/1/2017 7/1/2017 7/1/2017 7/1/2017 7/1/2017 7/1/2017 7/1/2017 7/1/2017

137 Automate Supplemental Gas Flow Rate 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017

138 Operation According to Design 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016

139
Net Heating Value Standards for NHVcz 
(combustion zone) 10/1/2017

10/1/2017 10/1/2017 10/1/2017 10/1/2017 10/1/2017 10/1/2017 10/1/2017 10/1/2017

140 96.5% Combustion Efficiency 10/1/2017 10/1/2017 10/1/2017 10/1/2017 10/1/2017 10/1/2017 10/1/2017 10/1/2017 10/1/2017

142 Recordkeeping 10/1/2017 10/1/2017 10/1/2017 10/1/2017 10/1/2017 10/1/2017 10/1/2017 10/1/2017 10/1/2017

144
Air Assisted Flare Requirements ‐ 
Instrumentation and Monitoring Systems

10/1/2017 N/A N/A N/A N/A N/A N/A N/A N/A

145
Dilution Operating Limits for Flares with 
Perimeter Assist Air 10/1/2017 N/A N/A N/A N/A N/A N/A N/A N/A

146 Kenai Passive PFTIR Testing  11/29/2015 N/A N/A N/A N/A N/A N/A N/A N/A

151 NSPS Subparts A and Ja Applicability 11/11/2015 11/11/2015 11/11/2015 11/11/2015 11/11/2015 11/11/2015 11/11/2015 11/11/2015 11/11/2015

CD 
Paragraph 
No.
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33

34

35

36

37

38

39

40

41

42

43

44

45

A B D E F G H I J K L
                                                                                      
CD Requirement                                                  
(N/A = Requirement Does Not Apply)
   

Martinez ‐ 
Unit 50 flare

Martinez ‐ 
DCU flare

Martinez ‐ 
East Air flare

Martinez ‐ 
West Air flare

Martinez ‐ 
Emergency 

flare

Martinez ‐ 
North Steam 

flare

Martinez ‐ 
South Steam 

flare

Martinez ‐ 
Tank 691 flare

Flare Assist Type (SA = Steam Assisted; AA = Air 
Aissisted; UA = Unassisted) SA SA AA AA UA SA SA SA

113.a
Complete installation of visual image of S/VG 
ratio NA

10/1/2015 N/A N/A N/A 10/1/2015 10/1/2015 N/A

113.b Complete Training on Steam Control 
NA

12/1/2015 N/A N/A N/A 12/1/2015 12/1/2015 N/A

113.c
Operate Covered Flares to minimize S/VG  ratio 
to extent practicable NA

12/1/2015 N/A N/A N/A 12/1/2015 12/1/2015 N/A

114
Evaluate Meters Measuring Sweep and Purge 
Gas Flow Rates

4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016

115 Minimize Sweep and Purge Gas Flow Rates 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016

116 Minimize Leaking PRVs 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016

117
Install Vent Gas, Steam Assist, and Air Assist 
Flow Monitoring System NA

4/1/2017
1/30/2019 1/30/2019

N/A 4/1/2017 4/1/2017 N/A

118
Install Vent Gas Composition Monitoring 
System

N/A
1/30/2019 1/30/2019 1/30/2019

N/A 4/1/2017 4/1/2017 N/A

119 Install Video Camera N/A N/A N/A N/A N/A 4/1/2017 4/1/2017 N/A

127 Initial Flare Management Plan 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017

128 Updated Flare Management Plan 4/1/2018 4/1/2018 4/1/2018 4/1/2018 4/1/2018 4/1/2018 4/1/2018 4/1/2018

CD 
Paragraph 
No.A50
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46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

A B D E F G H I J K L
                                                                                      
CD Requirement                                                  
(N/A = Requirement Does Not Apply)
   

Martinez ‐ 
Unit 50 flare

Martinez ‐ 
DCU flare

Martinez ‐ 
East Air flare

Martinez ‐ 
West Air flare

Martinez ‐ 
Emergency 

flare

Martinez ‐ 
North Steam 

flare

Martinez ‐ 
South Steam 

flare

Martinez ‐ 
Tank 691 flare

Flare Assist Type (SA = Steam Assisted; AA = Air 
Aissisted; UA = Unassisted) SA SA AA AA UA SA SA SA

130 Flare Gas Recovery System Start‐Up 4/1/2015 4/1/2015 4/1/2015 4/1/2015 4/1/2015 4/1/2015 4/1/2015 N/A

132
Limitations On Flaring ‐ Begin collecting data 
for compliance

4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017 4/1/2017

132
Limitations On Flaring ‐ 30‐Day Limit 
Compliance 

5/1/2017 5/1/2017 5/1/2017 5/1/2017 5/1/2017 5/1/2017 5/1/2017 5/1/2017

132
Limitations On Flaring ‐ 365‐Day Limit 
Compliance

4/1/2018 4/1/2018 4/1/2018 4/1/2018 4/1/2018 4/1/2018 4/1/2018 4/1/2018

135.a and 
135.f

Emission Standards and Work Practices ‐ 
Operation During Waste Gas Venting, Good Air 
Pollution Control Practices

4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016

135.b and 
135.c

Visible Emissions, Flame Presence 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019 1/30/2019

135.d Flare Tip Velocity
NA

7/1/2017
1/30/2019

1/30/2019 N/A 7/1/2017 7/1/2017 N/A

137 Automate Supplemental Gas Flow Rate N/A
1/30/2019 1/30/2019 1/30/2019

N/A 4/1/2017 4/1/2017 N/A

138 Operation According to Design 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016 4/1/2016

139
Net Heating Value Standards for NHVcz 
(combustion zone)

N/A
1/30/2019 1/30/2019 1/30/2019

N/A 10/1/2017 10/1/2017 N/A

140 96.5% Combustion Efficiency N/A
1/30/2019 1/30/2019 1/30/2019

N/A 10/1/2017 10/1/2017 N/A

142 Recordkeeping 10/1/2017 1/30/2019 1/30/2019 1/30/2019 10/1/2017 10/1/2017 10/1/2017 10/1/2017

144
Air Assisted Flare Requirements ‐ 
Instrumentation and Monitoring Systems

N/A N/A
1/30/2019 1/30/2019

N/A N/A N/A N/A

145
Dilution Operating Limits for Flares with 
Perimeter Assist Air N/A N/A

1/30/2019 1/30/2019
N/A N/A N/A N/A

146 Kenai Passive PFTIR Testing  N/A N/A N/A N/A N/A N/A N/A N/A

151 NSPS Subparts A and Ja Applicability 11/11/2015 11/11/2015 11/11/2015 11/11/2015 11/11/2015 11/11/2015 11/11/2015
Has Not Been 
Triggered

CD 
Paragraph 
No.
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Appendix C-2.2
Large, High Pressure Relief Valves

Refinery Process Unit Relief Valve Description
Inlet / Outlet 
Size, inches

Pressure Set 
Point, psig

ANA Alky PSV-0942 4x6 310
ANA Bensat PSV-6716 4x6 730
ANA Bensat PSV-6714 3x4 630
ANA Butamer PSV-0775 4x6 350
ANA CFH PSV-1012-1 3x4 960
ANA CFH PSV-7180-1 3x4 350
ANA CR PSV-6684-1 3x4 775
ANA DHT PSV-7109 3x4 850
ANA DHT PSV-6809 3x4 750
ANA NHT PSV-6601-1 3x4 585
ANA NHT PSV-6688-1 3x4 550
ANA NHT PSV-6651 4x6 330
ANA ROSE PSV-5513 4x6 787
ANA ROSE PSV-5514 4x6 787
ANA ROSE PSV-5502 3x4 750
ANA ROSE PSV-5503 3x4 750
ANA Treaters PSV-5000 4x6 323
KAP ATU 14-PSV-107 3x4 440
KAP ATU PSV-1306 3x4 325
KAP ATU PSV-A109 3x4 325
KAP ATU PSV-1305 3x4 324
KAP ATU PSV-1308 3x4 323
KAP ATU PSV-1307 3x4 320
KAP CRU PSV-R570 3x4 330
KAP CRU 14-PSV-424 3x4 319
KAP DHC PSV-H13-1 3x6 1810
KAP DHC PSV-H13-2 3x6 1810
KAP VDU PSV-V3 4x6 500
KEN Crude PSV-1703 4x6 350
KEN Crude PSV-1704 4x6 350
KEN Crude PSV-1705 4x6 350
KEN Crude PSV-1710 3x4 425
KEN DHC PSE-4802 4x6 325
KEN DHC PSV-4068 4x6 385
KEN DHC PSV-4802 4x6 325
KEN H2 PSV-10604 3x6 435
KEN H2 PSV-10607 4x6 315
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Appendix C-2.2
Large, High Pressure Relief Valves

Refinery Process Unit Relief Valve Description
Inlet / Outlet 
Size, inches

Pressure Set 
Point, psig

KEN PRIP PSV-12606 3x4 340
KEN PRIP PSV-12609 3x4 340
KEN Vacuum PSV-17400 3x4 310
MAN ALKY PSV-A-011 T-1 Deprop 4x6 330
MAN ALKY PSV-A-011S T-1 Deprop 4x6 330

MAN GHT PSV-G-101 C-75S Comp. Discharge 3x4 331
MAN GHT PSV-G-107 PSA Feed KO D-97 3x4 340
MAN ULTRA PSV-500 D-101 Desulfurizer 4x6 319
MAN ULTRA PSV-904 F-200 Furnace 3x4 447
MAN ULTRA PSV-905 F-200 Furnance 3x4 450
MAN ULTRA PSV-926 F-200 Reactor Charge 3x4 455
MAN ULTRA PSV-961 E-3A Shell Side 4x6 461
MTZ 1 HDA A010PSV0025 3x4 750
MTZ 1 HDS A005PSV0189 4x6 631
MTZ 2 HDS A004PSV0009 4x6 720
MTZ 2 HDS A004PSV0098 4x6 720
MTZ 2 HDS A004PSV0088 3x4 1000
MTZ 2 HDS A004PSV0093 3x4 980
MTZ 3 Crude A048PSV0047 4x6 343
MTZ 3 Crude A048PSV1047 4x6 361
MTZ 3 HDS A076PSV1007 3x4 500
MTZ 3 HDS A076PSV1538 6x8 525
MTZ 3 HDS A076PSV1539 6x8 525
MTZ 3 HDS A076PSV1021 3x4 1925
MTZ 3 HDS A076PSV1022 3x4 1935
MTZ 3 HDS A076PSV1023 3x4 1985
MTZ 3 HDS A076PSV1024 3x4 2015
MTZ 3 HDS A076PSV1026 4x6 481
MTZ 3 HDS A076PSV1132 4x6 505
MTZ 3 HDS A076PSV1133 3x4 675
MTZ 4 HDS A092PSV0007 4x6 340
MTZ 5 Gas A003PSV0036 4x6 360
MTZ 5 Gas A003PSV0002 4x6 320
MTZ 5 Gas A003PSV0003 4x6 320
MTZ 50 Crude A016PSV0077 4x6 350
MTZ Ben Sat A091PSV0004 4x6 450
MTZ Ben Sat A091PSV0005 4x6 330
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Appendix C-2.2
Large, High Pressure Relief Valves

Refinery Process Unit Relief Valve Description
Inlet / Outlet 
Size, inches

Pressure Set 
Point, psig

MTZ Ben Sat A091PSV0015 4x6 300
MTZ DHC  Stg 2 A068PSV0017 4x6 424
MTZ DHC  Stg 2 A068PSV0037 3x4 1590
MTZ DHC  Stg 2 A068PSV0091 6x10 305
MTZ DHC  Stg 2 A068PSV0071 3x4 460
MTZ DHC  Stg 2 A068PSV0021 6x8 450
MTZ DHC Stg 1 A067PSV0014 3x6 1780
MTZ DHC Stg 1 A067PSV0024 4x6 400
MTZ DHC Stg 1 A067PSV0615 6x8 420
MTZ DHC Stg 1 A067PSV0020 6x8 450
MTZ DHC Stg 1 A067PSV0016 6x8 450
MTZ DHC Stg 2 A068PSV0036 3x4 1590
MTZ DHC Stg 2 A068PSV0092 6x10 310
MTZ DHC Stg 2 A068PSV0080 6x8 450
MTZ H2 A069PSV0011 3x4 461
MTZ Reformate Frac A006PSV0040 3x4 750
MTZ Reformate Frac A006PSV0033 4x6 480
SLC Alky F-446 Caustic Drum 3x4 335
SLC Alky F-447 Water Wash Drum 3x4 325
SLC BSU R-501 - BSU Rx 3x5 570
SLC DDU D-621 High Pressure Separator 3x4 1360
SLC UFU F-1A/B/C/D Feed Preheat Furnace 4x6 330
SLC UFU E-77 Reactor EFF/ DESULF Feed 4x6 320
SLC VRU C-116 3x4 600
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COMBUSTION EFFICENCY TEST DESCRIPTION FOR KENAI  
AIR ASSISTED FLARE 

 
1.0 Introduction 

 
This appendix describes the approach for conducting a combustion efficiency performance test 
on the main refinery Flare at the Kenai Refinery. This Flare is air-assisted. More specific 
information describing how the testing will be performed will be included in the test protocol 
required to be submitted for agency approval per Paragraph 146 of the Consent Decree.     
 
2.0 Test Objective and Boundary Conditions 
 
Tesoro will conduct a combustion efficiency performance test on the air-assisted main refinery 
Flare at the Kenai Refinery.  The primary objective of the Flare’s performance test is to measure 
combustion efficiency over a range of Flare operating conditions.    
 
While the Flare operating conditions will be purposefully varied between test runs, each 
individual test run will be conducted under stable conditions as defined by the approved test 
protocol.  Meteorological conditions will be monitored to ensure that test runs are conducted 
under conditions that ensure the presence of a consistent plume cross-section during each test 
run. 
 
3.0 Flare Performance Test Description 
 
A Passive Fourier Transform Infrared (PFTIR) instrument will be used to measure combustion 
efficiency of the Flare. The testing will be conducted during weather conditions conducive to 
this testing technology. 
 
During the testing, the Vent Gas composition, calorific value, and flow rate will be required to 
remain relatively stable and the Assist-Air rate will be varied to provide a performance curve of 
optimal stoichiometric air ratio (ṁair-asst/ṁair-stoich-vg).  Each operating scenario necessary to 
establish a stoichiometric air ratio to measured combustion efficiency is defined as a “test run.”  
During each test run, the PFTIR analyzer will remotely analyze the combustion gases in the 
Flare plume to determine combustion efficiency. The result will be a defined Flare operating 
envelope as a function of Combustion Zone Gas Net Heating Value bounded by the incipient 
smoke point on one side and over-assisting on the other.  The testing will not include evaluating 
combustion efficiency on plumes having visible emissions.   
 
The anticipated total time for the test (data acquisition time only) is about 12 to 16 hours or 
more depending on the number of Assist Air flow conditions to be tested and atmospheric 
conditions.  The duration of each test run will be approximately 15 minutes and will be 
synchronized to the gas chromatograph (“GC”) analysis cycle.  
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The following compounds in Table 1 will be measured in the GC: 
 
Table 1 
  

Compound Mol. Wt. Range Units 
Hydrogen 2.02 0 - 100 mole % 
Nitrogen 28.01 0 - 100 mole % 
Oxygen 32.00 0 - 100 mole % 
Carbon Dioxide 44.01 0 - 100 mole % 
Carbon Monoxide 28.01 0 - 100 mole % 
Methane 16.04 0 - 100 mole % 
Ethane 30.07 0 - 100 mole % 
Ethylene 28.05 0 - 100 mole % 
Propane 44.10 0 - 100 mole % 
Propylene 42.08 0 - 100 mole % 
Iso-Butane 58.12 0 - 100 mole % 
Butane 58.12 0 - 100 mole % 
Butenes + 1,3 
Butadiene 

54.09 0 - 100 mole % 

Pentane-Plus (C5+) 72.15 0 - 100 mole % 
Hydrogen Sulfide 34.08 0 - 100 Mole % 

 
During the testing the Flare gas may vary significantly in both flow and composition. During 
the test the Flare gas flow rates will be measured continuously with the existing ultrasonic flow 
monitor.  The Assist Air rate will be monitored by supply-air fan curve calculations or flow 
meter.  Determination of molecular weight of the Flare gas will also be provided for every test 
run via the GC.  This data should allow operators to hold a steady ṁair-asst/ṁair-stoich-vg ratio even 
as flow rates and composition varies. 
 
Both thermal and visual video recordings will be collected and stored. A timestamp for each 
image will saved with the video so the video can be referenced to each test run. 
One aiming camera mounted to the PFTIR will record the point at which the PFTIR is pointed. 
One high definition visual color camera will be beside the PFTIR to record the overall Flare 
flame and plume.  One infrared camera will be beside each PFTIR to record the thermal image 
of the Flare plume.   
 
The following additional elements of the testing approach will be presented in the test protocol: 
 

 Expected location of the PFTIR relative to Flare location 
 Data collection approaches 
 PFTIR operation and calibration details 
 Thermal and video camera operation and calibration details 
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4.0 Data Collection 
 
Process data will be provided by plant operations and include process data, Vent Gas 
composition data, and meteorological data. Table 2 lists the parameters and time interval that 
will be recorded and delivered by plant operations. The GC) used for measuring Flare gas 
composition will report the compounds listed in Table 1. 
 
Table 2 
 

Parameter Unit Frequency 
Flare Gas Volumetric Flow  scfh 1 minute 
Flare Gas Mass Flow Rate lb/hr 1 minute 
Flare Gas Molecular Weight lb/lb-mole 1 minute 
Flare Gas Composition vol. % 15 minutes 
Estimated Pilot Gas Flow Rate lb/hr N/A 
Assist Air Mass Flow Rate lb/hr 1 minute 
Assist Air Temperature at Flow 
Measurement Point 

°F 1 minute 

Flare Gas Combustion Zone Net 
Heating Value 

BTU/scf 15 minutes 

Vent Gas Net Heating Value BTU/scf 15 minutes 
Actual Total Assist Air to Vent Gas 
Ratio 

-- 1 minute 

Hydrocarbon Mass Flow Rate lb/hr 15 minutes 
Flare Exit Velocity fps 1 minute 
Wind Direction ° 1 minute 
Wind Speed mph 1 minute 
Ambient Barometric Pressure in. Hg 1 minute 
Ambient Temperature °F 1 minute 
Ambient Humidity % 1 minute 
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